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[57] Abstract: 

PURPOSE: To raise productivity of L-phenylalanine by desensitizing an enzyme to be 
subjected to feedback control with L- phenylalanine and culturing a transformant 
transduced with a gene encoding an enzyme having removed feedback inhibition. 
CONSTITUTION: A bacterium of Escherichia coli deficient in tyrR and tyrA is 
transformed with a DNA fragment encoding an enzyme having removed feedback 
inhibition substantially with L-phenylalanine by variation of one or more amino 
acids of DS and CM-PD and with a recombinant vector containing DNA fragment 
encoding SK to give a transformant. The transformant is cultured and L- 
phenylalanine produced in the medium is collected to produce L- phenylalanine 
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(54) l9m<D&m W:^L-7x^;vr^>« 

(57) umi 

*0»*fittS»I**i!fc«feu rft&7-f-K/<y*IB 

[MA] DS, CM-PDOl^v^tW^r^ 
7 a - K'< y * ftfcSliit Sr a - Ki"« D N 

*--C\ ty rR > t y rA ^xj/xli t 
tftt^fnE*****"* 5 w t tc J: 9 *FJft* £ ft 

L - V a: =/U T 7 ~ ^ £ K »t 6 d t £ t + 5 £ 
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fijEff tyrR , t y r A it LfckOT'fe 

xm&&<D 3 -t^^>- d -7 7 ^-fv n 

7-y >g&*»*-1? MTDStftt) ffcoT, a_ 
r oF iCJ- h'ZtlZhOtDNjfcVRX*) 1 4 7#@<D7 

S, a r oF ICJ - K£ft6 t<ft<0N5k*g<fc 9 1 8 1# 
lot!) x-;ur 7-^Slci^$HtD 

S, a r oGiC^- ktfXON^fcSi 9 1 5 0# 

r oGi:^ K£H6*>tfWN;fc*8.fc9 2 0 2#Btf>7 
y^^S^^lx^-V^S^fglft^ixfcDS, a r o 

^^y^s^r^/^^x^stcis^^nfeDs, _a_ 

r oGt:J- K^nSfcOtDNjfcSSJ: 1 ? 1 4 7#B<0^ 

r oGICJ- K£fc,5<b<Dtf>N3c8gcfc9 1 4 7#i(£>y 
r oG ICJ- K^iX^ti^cDN^SctO 1 5 7#g©y 

t>mtztiz> v 1 o£ =3 - k-t 6 d n aet * 

if C£XTCM-PD<tte-r) tfcot, 330f|Ot 
y V^Sdi^ny ^gtCg&^tvfcCM-PD. 3 3 

CM-PD. 3 3 0&8<D J t})>&m&mi&$:l<1ZC 
M-PD, <Dftfrbmt£tiZ> i^fii^l o£^ — K1"£ 

<r>* 

mim 2 ] mw^^* y t r - =3 y Aji274i-efe 
[SBWog^fflfclfcai 

[000 1] 
[0 0 0 2] 



a'J £/!H^<5t>CDiC. #0Pg5 6-l 8 9 0, 4$^Bg5 
7-170184, ftBBBS 58-103398. ft BBflg 

6 1 -9 2 5 6 5, 1- 1 04 1 60, HB^flfJ 
WO8 7/00 2 02^$)5 fl lfcL-7x-/U77 = 

y *AjR<D«»*&^St><0^ ftTO6 1-12 8 
8 9 7d5fc0. ii^U^r!) *Afcfflt*afc 
<AK, #§8896 0-3 4 1 9 7, f#PflBg6 0-24 1 9 
2, #PflBg6 1 -2 6 0 8 9 2. $$B!fl86 1-1243 

7 5^^>tlT^6o 

[0 003] il^, L-7x z^fVT =7 ~ v±^/$&agi;: 

[ooo4j «*ttHf»c*5v^r. ^>r-hv<5/^Ra^ 

(£*T, TDSJ ^B&f*) *\ 7*^7x^7t 

(&T\ rpDj tetf&hz. 
[0 0 0 5] :oH*fDsi:opm5^ ^> 

x!) t7 • =y {C*5l>Tte, D SlCf* 31^7^ y+F 
YA^ft-f^-^^^nr^So C*l,<bMU a r o 
F\ a r oG , a r oH ^fftfjlSi^a- Kg 

WtlL-fny'A L-7x^77^->, L 
- h97 p h77^i57^- K/<s/^a*SrS»t*. 

[0 00 6] me><03Be^^Mi-5ia«^i|S^r5 
&tC^£ixTV^ [a r oF : Hudson, 
G.S. and Davidson, B. E. , J. Mol. Biol., 180, 1023 
(1984) / a r o G : Pavies, W.D. and Davidson, B. E. . 

Nucleic Acids Res., 13, 4045 (1982) / a r o H : Ra 
y, J.M. et al, J. Bacteriol., 170. 5500 (1988)] e 

[ooo7] $ ;m&®mmz±mi-ttwc 
is, ztibDs&&&i-zzk&*-s!Xxt>z> 9 3mm 

tDDSl^H, a r oH l^^K^6DSI:o 

t>m&£tlitm8tM a r oH ^WftgttTV^ [Ray, 
J.M. et al, J. Bacteriol., 170, 5500 (1988)] 0 U 
frLWb, a r oH ft£(Q PS fttett, 1&<DD 

Smmzttl,Xftft\Zl&^1t*>* fiJftx.DNA«*lCj: 
^afe^lC^jg^r. a r o aj_oGi;a-K^ 

[0 0 0 8] L — >>VICJ: 6a_r_oFW7^- K>* 

i^^^ 1 [Weaver. L.M. and Herrmann, K. M. , J. Bact 
eriol.. 172, 6581 (1990)] N^<t 0 1 4 8 
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[0 0 0 9] 7*<—h'/<y?m.'g&Mf&£tlttDS(Do 

%KbtlZ>(D*Xh6 0 ^Kt7-X£>j^ a r oF t^- 
K£*LSDS(D1 5 $>®.&*L- 
■<{ yvJ>'>'®mzm&irZ>ZtVL-?'Visy\Z±Z> 

36*&«lC*lJffl LTV >S [iB^IIWO 8 7/0 0 2 0 
2] . ^y^r^tt a r o G fca — K£ ftSD S 

^<^^Pl§^^LfcDS < a r oG ) «M»UTL- 

8- 1 0 3 3 9 8] . L3&>L**s?> % *##-Ctt, L- 
7x^;l/77=W:J:57>f- K'<y ft 

£MttgB*3ftTW*v\ 
[ooio] ft«cPD«cov^T-c*>6^ 3^*y tx 

• =*yd*5^-a*, =* y *^>i&A*~fcf (£jtr> rc 
Mj tWt-TZ) &£tFPDfitt*«1-*2aflM* (C 

M-PD) ©#fiEMS!€>*U ttlWWStttt^rvWT? 

p h e A jrPEjfftS&fc^lCri-- K£ftTJ3fl , ^ KV 

gf^cDT^ /^gfi^J^^$tV-C^6 [Hudson, G. S. a 
nd Davidson, B.E., J. Mol. Biol., 180, 1023 (198 

4)] 0 7 *~;\<t y ~>&®mmz&m+ztz.Mc^ 

Z<DCM- PD<D7 *~/lsT7^>\Z£Z>7 4— h^< y 

Tv^6o fljx.lX. >fy*s>yh¥\Z y hyyfl CM- 
PDtf>2<@(N;fc$8J;9 2 2 6#g£3 38fl) <Dh 
y7 P h7 7 ^S^fA [2-t Kp=*->-5-~ 

[Gething, M. J. H. and Davidson, B. E. , Eu 
r.J. Biochem., 78, 111 (1977)] 0 /<y^T> 
<bte, CM-PD^N*^H3i:0 3 3 8#@C0h y^h 

/v^^-^y >yy\z.W&tZ>z tic* u 7*- K'<y 

* Pfl.W<7>#l& $ ftfcg*3f t £ w t * Ev « LTV 
tt. ^iiU 3 3 8#gCOhy^h7 r V^(Ofirg{Ch 

9 7 h 7r y-T y y~-fu y y^r $ y 

££«!&bfc [BR»flFW0 8 7/00 2 0 2] 0 rft 

^tt-f^x. 3 3 8#gcoh yyhyxv^g^o^-c 
[ooi i] ^v^mmmi^^xit, pvm& 



<Df£&£fii-Z>mm (PD) Z<Dfrfci>7*~ 

[0012] mmmz^-v-tzmm+o?^ mm* 

[Ozaki, A. et al . , Agric. biol.chem. , 49, 2925 (1 
986)] x RXf&Bb [Ito, H. et al ., Appl. Microbio 
l.Biotechnol., 33, 190 (1989)] fl7x^77-y 

ic x * 7 * - K/< y * n*^«» z nytite^jcov 
^aoPDite^ssia^aiftLrdsij. ai^y 

t7^!)K-l 2 O p h e A »g^£<Pftljg]ttfr»M| 
LTl^5 [Follettie, M.T. and Sinsky, A. J., J. Bac 
teriol., 167, 695 (1986)] 0 L#>LftaS£>, a»J^l 

* ftr I /Co 

[0 0 13] L-7xr.yU77-y^^t) 9 1 
o<*>*- at^-T-f £ (£TF. SK£ 

w+s. ) *s*>5* 5 , tr - =ty<DSK«eai 

a r o L nT7x.4? — b\Z.£*) ?tJ—~y?£ti [J. 
Bacteroil.. 165. 226 (1986)] ^©llj£?ij^^!|^ 
[J. Bacteriol., 165, 233 (1986)] 0 L^L 

(1$BBBg6 2-l 4 3 6 82) ft 

[0014] *fca:^^y t7 • ^yir^^rtt. 

^«Jl5«tt{fc*tt, ^fi7^^«^(^2i 
HODS Gjfc^j: tt a r oF s a r oG ) , SK 
(itte^LT a roL ) , ^Ltfn^7^ h7 
^7*7-f (it^^: U tyrB ) Oii^O^ 

-T^r <h^^]bH-CV>?) [J. Bacterid. , 108, 400 (1 
971)] 0 Z<DTy rR^^fClW ( tyrR ) 
^^Lyc^^my fcT • 3!)^fflVNtL-7x^l/7 

£ [Biotechnol. Lett., 4, 223 (198 

2)] , 7 - 1 7 0 1 8 4] &%abtlX\,^Z 0 

-(DmXitt y r Rg fefrOftjfcLfca.-W !lt7-a 
y IC^Al-^it^^ LTtt a r oFbheA (D20 

[0 0 15] 

[**WA^»UJ:5i:+5Wil L 
-7x^77-^, J: <3B»^*i" 

[0 0 16] 

L - 7x^7 7^>^lt41t5^?r^tl» r 
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mote* 

loo 1 7] mh*%wn. i ft^L^tuuJLcor^./ 
mmzi&tDTz smizm&T*. fc^iM^&i-sfc 

* *-VBWm&£tltz, tyrR , t y r A jgfe^-g? 

MTfcot, jgjj^ t y r R , t y r A igfcjP-frfr 

toxc/x y t Tifi^OD STfcot, a r oF ICj 
-K^tlSfc^ON^SSctO 1 4 7#@<£>7*/<7*^ 

mmm&Txs<7*>&m\zw:&ztiitns. a r of 

K$n6fc<OcDN^J: «9 1 8 l#@<Di?y 
g# 7 ^ rv^7 7 ^ >££gC: *xfc D S , a r oG 

K£tt5 fc<£>C9N;fciSU 9 1 5 OSi©/0 y ^ 
«S*WV>1«SfcB*3tlfcDS. a r o G\C=>- 

^ L/t-ylSCSi^^/cDS, a r oG|:j- K<* 
n6t3^>cON^$Sg<t f? 1 4 6#@CD7*^73r>&£lg 
^r^^7=¥>3B6SlcB»*iLfcDS, a roG i:^ 

vztizhnoNMtfii&v) i 4 7saoy^^--^s 

»»«d5y^>»»cB*$ilfcDS, a roG Ca- 
K3tL5t>05ON*tf8,fc 9 i 4 7#gOp<^n^g 
dWynxrw«St-B*$tlfcDS, a r oG|:n- 
K£tl£fc©G>N5fci8J: *) 1 5 7#@(Op<^^--^^g 
i>Uy n^>^£fcg|cB&£tt2 1 9#@(D77X>f| 

DtTl^CM-PD 

&£ftfcCM-PD, 3 3 0#iotyyMm/< 

7*>&^glC®&£tUcCM-PD x 3 30#|(Dt 

nDNA«^Sx^ t y tTMftiaSffi^^-lcSA 
£tiT»e>tiS)»ife;i'«* 6 fcco-Cfc 9 , 

*5 «fc £ /fl 6 r £: t f * lc <t £ 

[0 0 19] *an#t,iju sr^^y tr . 3 yo 



- hv< y * lag £ ti ft P D £ 3 - K-T -5 igfc^ £ 

yco^^CM-PDiS^$r^n— -^^l, ^utf 
/N ^ry^A ■ V?t-* >*M£%>VZ>g;m&Z 
Sic :H$:fI ^drl'J:^^^ - hv< j, ^ pa^# 

[0 0 2 0] W;, DS^-Kir-S&te^PD^ri 

- Ki-5gfe^^a^t>ij:X t y r R »B, t y r 

A&fc?-<n!K$: t/c^^>^ y t r • =« y ic^al^c^j: 

L-7x -/ur 7 - ^<DHB#*M*$ <fc V * £ ^ £ £ 

[0 0 2 1 ] WT, *»WS:^»»cfft^S. 

[0 0 2 2] *J89)IC&r?6. 7^— K'<?*ffl#tfflE 

<fc 5 ic LT<T4 ^-c^r 5 0 

[00 2 3] 5feT> ^ y t 7 • xi y K- 1 2 <DMC 
1061ft (ATCC53338) OM^'DNA«tO 
PCRS^^T a roF , a r oG jfe^^n>-= 

[0 0 24] a r o F &t Ta roG fell L-^n^> 
L-^^-/W77~>-C^ix^H7>f-K/^^ffi 

[o o 2 5] ae^fcaca^u^-frafcii, 

t^hPCRffi [PCR Technology, Stockton press (198 
9)] , mL#m&)mm& [Kramer, W. and Frits, H. 
J.. Methods in Enzymology, 154, 350 (1987)] 

[0 0 2 6] DSKfc^T, tt©7$/*:g*SiiS 

^^DS-Cri, N^5g^J:»9 1 4 7#@07^7^y 
18 1#i<nty>3»S«:VH\ C tub 14*1 
i-£<ti6<btt-C^* 0 

[0 0 2 7] DS^It6te07$yg&^S-.Ofi*i 
tt, L-^-n^v, L-7x^77xy, hZl^XL 
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*f JESSE*! 
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aroF33 1 S lfg Ser—Phe TCC-TTC 



a 


r 


0 


G 


4 


1 


5 




P r 


o 


— » 


L e 


u 


CCA 




C T A 


a 


r 


o 


G 


8 


2 


0 




A 1 


a 


— ► 


T h 


r 


G C C 




A C C 


a 


r 


0 


G 1 


5 


1 


4 




A 3 


P 




A s 


n 


GAT 




A A T 


a 


r 


o 


G 1 


7 


1 


4 


7SB 


M e 


t 




I I 


e 


A T G 




ATA 












3 


3 


2 &@ 


G I 


u 




L y 


s 


G A A 




AAA 


a 


r 


0 


G 2 


9 


1 


4 


7S8 


M e 


t 




r i 


e 


A T G 




ATA 


a 


r 


0 


G 4 


0 


1 


5 


7SS 


M e 


t 




i i 


e 


A T G 




ATA 












2 


1 


9 33 


A 1 


a 




T h 


r 


G C G 




A C G 



[00 30] L-7 i x;V77xy§;Ml:41 
fitz P Dlfef(DtIfi^^M, «Wfi-6 

T • ^ !;K- 1 2lC:fctt5CM-PDOftl^&»C^C 

3 3 0#@tfHr y ^g£T^<7*^&3$gl;:g&L 
fcCM-PDio.J:tf&3 3 0#B<Di?y V»S£«»^ 
&LfcCM-PD£i£j&L*:*:-*K ttBBM^-f-K 

/< * * $ ^ -5 r t t>wm Ltt 0 
[oo3i] *&m-e^*>PDm&t:Gi'zmmkK. 



[0 0 3 2J PDI^^T, iW7$/gei:ii$tl 
/vr y~ y\z X £ 7 A - ¥'*y 9 m£<0* % -X-McBa 

fftxtf. 7'H^/^7!)')A'7^h7x/M^AO 
PDtCioV^^N^^ir) 2 3 5#S, xi/x!)t7 
• ^ yoCM-PDK^TfcW^McfcO 3 3 0#@ 

<D-tv >-&&<om&~?h*), xi/ x yt7-3y 

©CM-PD<DN*SMll* 0 3 3 0#g O-fe y 

[0033] PDiciovvt, toor^yifcss^Bft 

x.tfr/uKV^-ry #a • 7^ h7x;M^n05PD 
{C^V^THN^fig^ct 0 2 3 5#@, Ji^^y fcT • 3 
y<OCM-PDtCfc^T«N^{UJ:f3 3 3 0#@O^ 

*9 fcT • =»» K-l 2tf>&3 3 Ofl^t'J V?Sg£ 

[0034] sKii^ico^Tii^->^y tr • ^y 

K- 1 2CDMC 1 06 l^fefrDNAJ:!? PCRft 
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10 0 3 5] &±<0%mX'&m$ixZimx.DNAt 

Z>1ttb\Z.^ lac , t r p . P L^tO^i >^ y fc T • 

0&;iDNAlc:te, ^jfJit^Sr^V^tfyV [Be 
rg, D.E. and Berg, CM, Bio/Technol. , 1, 417 (198 
3)] % Mu77-'^ [#H¥2-1 0 9 98 5] *fctt 
{BlsItt&Ui&X- [Experiments in Molecular Genetics, C 
old Spring Habor Lab. (1972)] %%^1tJf&X%k&& 

[0 0 3 6] ixiRifef^Uxi/xy tr- 

tTofco ^'>^y t7«3!lK-l 2<DMC 1 0 6 l*fc 
OMI^DNAJ: V PC RjfefrJB^T t y r R %teT-£ 
^n-^v^Ufco wCO t y r RS tfi^MiaftMWIP 
6 r t «C i 0 ^ tyr R «C^^«» U 
t y r R &fc^frj:^ y tT • =2 V <D$k&& 
±<PjE&ft t y rR jrAtlM^:^ o£9*SPH£lfi 

Ucx^litT-^y^Lfco ffi> ^ tyrR 
ft#H#j£&fe Kl ^ty r R 3afi-T-frffc»S»jfrt- 

9 „ t y r R iSfc^cPftjfc Lfc^v-* V t T • ^ V 

[0 0 3 7] t y r A &^?-cOfr£ Lfc^>^ Db7' 
^ y tPljtffrfc t y r R<Difrfrtm&\Z LTi&fcStlfco 
t y r A fete=f-\l-?\sy ^^&7*\i Kn^t- tffca— 

lo o 3 8] &±.<niymxjm^t^ y4-b*/<v*m 

^£^tf&&;tDNA^01gfe&£ftfc tyrR , t y 
r Alfe^f^lfcij/x y tr • ny^ilt, & 

[0 0 3 9] W6L-7x-;U77-^I^ 



[0 04 1] a[*»tLTtt, fllBfcTV^-*^ mt 
[0 0 4 2] «-«***l|jRi LTIi. ^;>B1, 

l - f- n 4>£*4M($ it ttmm^ 

[004 3] rii€>o*fc. #*c£ct, y>-6£#y 

[004 4] #*tt»ft«l*#T-C 16-72*11 
t5«J:<, #*ia«W:3 0lO-4 5 tic, ig&^p 
Htt5-7JC»J»1-^ ft, pHSI«(^i*«fe6VMi 

#&<£^k6M*T/to&ytt!&fr, Mt-xv^~r# 

[0 0 4 5] M»e><OL-7x^77x>(OCT 

1 0 0 4 6 ] &.±Km^<tL^miCX *) % y-t-Y^yt 
t y r R > t y r A &&+<DX£: Lfc^v^ !)t7o 

vmm$&&z®$ttzt. L-7^/u77^>ii 
*r#te£ieii u fc h oxh 

[0 0 4 7] KT, **«iC»<5*Wc^#WlcttWi- 
[0 04 8] 

l 7 >f - hv^ * $ ixfc D S £ 3 - 

(1) ^>=.V t7 • 3!)^ )ar oF ^mDSl 

aii/aty tT - 3!IK-12(OMC106 ltt^b, ii 

cO^CiK D. Mol. Biol., 180, 1023 (1984)] 

1 St^2 K^f i: 7 ^p'^DNA7*7^ 2^$riM^ 
07ji5fe-C^Lfc 0 

1 GCTAACCACT AAAGCCAACA 
m^m^r2 CCCACTTCAC CAACCAGTTC 

Zm^X^V y^b<0^m [PCR Technology, Stockto 
n press (1989)] C^oTPCR^^^, 1. 5 
KbpiODNA^fc J£*T\ ®l<D&m\£m-tX 

zcnwtK&fflmmmE c orv^e c o 4 7 1 1 
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I-CfUWLfcft, p H S G 3 9 8 (SBjgttfi) (O Sm 

ORlSiB*»"C3i->*y t7-^yK-12tf)JM10 
9t* (^«SiStfc«) ^flSlt, ifU^D7A7 
^ n n -/HH4**> * Tf a r oF iBfc^ A $ iXTt ^ 

KpHSG-a r of ^Mtt ICpHSG- 
a r qF WI Eco R I jr Hind l ! I VW&i 
■fZZtlcX*) t oF iBg^ftD N ABrtf £ , 

T4DNA!)^W7^U*pTSl <«M¥2- 
1 9 2 1 6 2) (O Eco R I , Hind I 1 1 ty^y 7 

3!)K- 1 2 60DS^S ( a r oF , a r oG , a r o 
H) ttcAB 3 2 5 7«r*«E»bfc (AB3 2 5 7«c 

irv^-J^A^L*:) o itUTy^'jvitttt 
^tL-fn>y, L-7x^77^>, L - M 
7'h77^I*tt«U^^7'7^>; K£J*tt 
U Zfy*% KpTS- ar oF ^HU,, 
[0 0 4 9] fti^ KpTS- a r oF ^b K 

D^r^T^^l^fe [J. MoL Biol., 175, 33 
1 (1984)] lC£<DXm%9lkm&m£i1t&. AB3 2 5 

McT) L - n ^X^0DOl:/>^JfilC^:W Lfc#£ 2 «cl 

fc a r oFI fifmt^/7^$ KpTS- a r o 
F 1 SR Xf p TS- aroF33 £?#fc 0 K'<y 

&*rf-s a b 3 2 5 7 mn. m 2 \z^m r> &'pmmc 

7*h77^t^ot^f«7 5/Mr**e£1\ £W 

[0 0 5 01 (2) ^v*!) t7 • ^ y O a r oG fel 

a r o F afe^^^^^U, a r oG ig 

fe^^r^Lfco ^BCDSrift [Nucleic Acids Res., 1 
0, 4045 (1982)] $ ifOr >S a r oGjfe^ 

NA:/7^-2*££*JifcLfc 0 

GTATTTACCC CGTTATTGTC 
K^lJ# ^4 ACTCCGCCGG AAGTGACTAA 
^7^^iMC 10 6 1 ftOSfe&frDNA^/B^ 
T, PCRRjfc£rfrfcV\ 2. lkbp^DNA^ 

^Tx @io)*il:^tJ:5l^ w^Wf>t-«r«ll 
#3i S a 1 1 j: Eco 4 7 I 1 I -CSHWLfcfL pHS 
G 3 9 8 (SfiSrti*) <P S a 1 I jr Sma I 1jOBr$>£ 
T4DNAii IS— tffcffl^TjgjBbfc. Z©S^ft^4fc 



KpHSG- a r oG ^jlt $ btCpHSG — 
r oG tMWBt E c o R I t H i n d 1 I I V^WrT 
%ZtlZ£K>n btltz a r oG ^tf^>D NA»r^ 
5:, T4DNA!J;tf-ifT\ p T S 1 <D E c o R 1 x H 

1 n d 1 1 1^7^^^ yhil^lfco ^££$1 
^tAB 3 2 5 7 tic ( a r o F , a r o G , a t o 

H) *iBMe«u ^wufcrv-e'vy^iHttttottiT 

7^S*^l*U^5tti^f)y7^5 H«fcil 
L, -fyXX KpTS- a r oG £&ffilfc» 
[0 0 5 1 ] W:, ^^7^$ Kfc a r oF Og^j: 

AB3 2 5 7*IC«K(E«U 7ytf5/'^itt* 

77- ^tfik10Jk^»JfelC£1lF t tim&iZ 6 ME»K U 

oGae^trSttS^^^ KpTS- aroG4 t 
p T S - a r o G 8 , p T S — a r o G 1 5 s p T S - 
a r oGl 7 , p T S - a r oG29 , p T S - a r o 
G 4 0 *ntz 9 7 4- HV<y^|a#^*l»$^-CV^V^ 
a r oG Z^tx?'?* % K^WtSAB 3 2 5 7ft 
ft, HI3JC^i-iil?^>^tCl OmMOL-7^^ 
T^^SfctrT*,*:, »DSffitt*57^-My^R 

[0 0 5 2] (3) DSB*Stt©W 
l^O^I a r oF (211) a r o G 

i^^y tr- 3yAB3 25 7»ic*AU«K6 

«M*«rJR#U -ttt^H^TA J 1 2 5 9 8 (AB3 2 5 
7/pTS - a r oFl 5 ) „ AJ12599 ( A B 3 

2 5 7/pTS- a r oF 3 3 ) , AJ12562 (A 
B3 2 57/pTS - a r oG4 ) , AJ 1 2600 

(AB3257/pT$- aroG8 ) „ AJ 1 2 56 

3 (A B 3 2 5 7/pTS- a r oG 1 5) , AJ 12 
601 (AB3 2 5 7/pTS- aroG17 ) % A J 
1 2 6 02 (AB3 2 5 7/pTS- aroG29 ) ft 
l*AJ 1 260 3 (AB3 2 5 7/pTS-a roG4 
0) ^tlh<0ft. KtmtVXAJ 12 5 
63, AJ 12603 tr-tn^tl, t7 • D 

FERM BP-3567. FERM BP-35 

[0 0 5 3] Ztlt>(Dmfa&$Eto<DL-'7*~/\'T7^ 
V£0i£*ft [Sugimoto, S. et al.,J. BiotechnoL, 5, 
237 (1989)] M^r2 4»W««Lfc. Z^^fe 

[Gollub, E. et al., Methods Enzymol. , 17, 349] 
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tCftoT, a r oF (Oja^l-fo->y^n, _a_ 
r oG ^tt L-7i^77- V#£TX D S (OWt 

fc, (^v^y tT-3UB3 2 5 7/ 

pTS- a i oF ) TttL-^n^y^aET-CBiSfS 

**irt^fc. mi;:* t^-^r^jBfflofco 

»J fcT • a y AB3 2 5 7/pTS- a r oG ) T'f*. 

fco $biC^^M<^9*>A J 1 2 5 6 2^(DDSIt. L 

JvC^afcfttTWrtK* L - 7 ^ ~ a-t 7 - > (D&m \z 
tot, »*«ttd*±#bfc. 

10 0 5 4] (4) 7 4-h*'<v*®mi>WVkZtl1ZD 

7 mmwfc z tutus <Dm&¥ x$>z> ± 

roF15 , aroF33 , a r o G4 , a r oG8 , 
a r o G 1 5 y a r o G 1 7 , a r oG 2 9 , a r o G 
±Wm.m&Pl&i&1%(Ojjm [Molecular Cloning (Sec 
ond Edition), Cold Spring Harbor Press (1989>] 

[0 0 5 5] £tfefl|2 7^-K/<y^RI*^MMdn 

(1) /l/Wf!J!>^lPD^^^ 
*1\ ttftl«>3y*'<^ y ^A^PDit^ [Follet 
tie, M. T. and Sinsky, A. J., J. Bacteriol. . 167, 69 
5 (1986)] fc©fePMS*««fcLT, TVtr^xy* 

7^^ KpAJl 6 t(0 N c o I ffrfi-0&g&?iJ£?V 

* h7r-> V*AA J 1 2 1 2 5 (FERM-P75 

4 6) t:«»$ixs. ft. 8tr$/iBB^itt=iy*/^ 
^y ^Ao^coirit^r. b-f^iT^/se^s^/^o 
rv^ 0 &<c, pic Kp phi 4±ic$>$:/ 

UTa^T" JJ £A • 7^ h77^^A(07i^/l/7 

* F77-^^AA J 1 2 2 5 9 (FERM P-3 

5 6 5) mm#ztizh<D*{&Ri,it. m±ttt?4 

- K'< y ? lfi»«PI^^« * *tfcar?tt:tfc Lfc £ ~ 2 3 

[0 0 5 6] (2) ^v'^ y t r • =i y <D£%mcM- 



*i\ ^i/^y tr-3yK-i2(0RRi t*A><b, ii 

[0 05 7] 2r*Qtf>;£SJt [Hudson, G. S. and Dav 

idson, B.B., J. Mol. Biol. , 180,1023 (1984)] 

TiC^J: 9^DNAy7^v-4* 7 

-10) *ii*<0#*Tft:*^iSLfc. 

R?'J#-*§- 7 TCAACAAGCT GGAACGGACG 

E^l#-^8 CGCCGATTTA CCGCCTTGAG 

K^l|#-^9 CCGTCTGGAA CCACGCCCGA T 

KJWf-lO ATCGGGCGTG ATTCCAGACG G 

7 t 8teZtl?t lp h e A mm*<D±ms£VTttLKLto 

ISIftK#I*#o p 9 t 1 OttfcAH^*B«tt-C*>0. T 

WI3ttSrj*o» x>>o:]) t7 • 3DK-1 
D^I/tf/^7!) ^A-^^^T-^^AOPD 

2^CM-PD£7?N^iS8i;9 3 3 0#@<Diry>^£ 
II. ^Wtf/^ry £A • 7* ^77-^^^APD^) 

<fc *?235#swry i><r>xh 

Z>o W#f9, 1 011 3 3 0fgOTl/y^ 
[0 0 5 8] ftfeftDNAlug^ Kfll**7 

V>T, PCRSJ^Srm\ -tixfixl. 3Kbp£0. 
5Kbp(DDNAlltr#t ^PCRO^H 
y yf-bOXMETlich, H.A., ed. , PCR Technology, 
Stockton press (1989)] \Z Ifc^ot, ^«$SKf&^ 
g (Thermal cycler, Perkin Elmer Cetus^t^) ZRh^ 
T9 4tim 5 0t:25>^. 7 2t3^«§: 
1 t-f IT2 Ot-Y ^^tT/jlofcc r*X<b<7>DN 

A^fK-^T^D-^y/V^^clbL. DNAlHjJ&^yh 
(Gene Clean, 7l~=i is#M) Zh^Xm 

^^TPCRS^m\ 1. 8Kbp<DDNA^ 
$r#fc 0 wO»rK-^$fJRS^^B_amH I jr P s t I X® 
Wrlstc®. 1. 7Kb peaDNAffrtf^TtfD^y/i, 
«ftj*»«ci:9®ttU H<c-(D»r)tt7'7^^ Kp H 
S G 3 9 8 (£jg£*tgD (D Bam H I , P s t I ®Wr 
MT4 y #-1?£^Tii&Lfc 0 ^Mxyxyt 
T * =i y K— 1 2(DKA1 9 7«c ( p h e A ) 

7->^W»LT^^f)7'7^^ K&IeMR 
[0 05 9] (3) xy/x y h7 * n y K- 1 2CO t y 
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*i\ ^>^. y tr-="jK-i 2^w3 1 i oft m 

1 2^)ME8424^ (H f r P0 4 5, thi , r e 
1 Al , t y r A : : Tn 1 0, u n g — K n a d 

b) m£m&wftm±?>A& v^m*^^ 3 

3JIK-1 2tf>W3 1 1 0 ( t y r A ) &%&%LtZ 0 
^(Dmc, (2) r#^c^^^ Kp PHAB£ff2®|£ 
mtcfc^AUto ft. ^V^y k7oyK-i2© 
&7fcKfto8M* CW3 1 1 O ( t y r A ) /pPHAB] 
lilSXWC^^nT^^. ^IfiffiFERM BP 
-3 5 6 6VfoZ>o 

[0 0 6 0) (4) PDii^« 
x^x!ltr»3!IK-12OW3110 ( t y r A ) 
/ (pPHAB) m<D&&*. L®i&£R^X3 7X:. 

#T0. 5mM^WK hwi/^t?2 5 0mM(O 
YV^Mffimfo (pH7. 5),KMBL*:^ 3 0# 
Nk 4@«>iB*« (2 0 kHz) ^1-6w<!:(cJ;»)ft 

[006 1] PDg$fH?£ffiW5£kt. ^[Cotton, R.G. 
H. and Gibson, F. , Meth. in Enzymol. , 17, 564 (197 

o)]ict£o£o tmmm&m^x* imM? 

OmMH^liM (pH8. 2) #&T\ 3 7<C 
1 0 1 tmmti-hV *A&to;tT£tf?*r 

f?it&, MUfc7x^/Vb , y tf>-&£3 2 0 nm<£>& 

<BioRad*t$0 £ffl</\ *<D7v Y^-MZ. 

fltO. 5 mM L - 7 x -yU7 7 ^ y^Tt'^ < ^ 
£j£^W£ix5tf>K#U ££S!CM-PDtt5inM 

[0 0 6 2] £6lCL-:7:r~/l'T7~:/0##&TT* 
3. 5X 1 0 2 U/mg®£m «*S<0»&I±1. 5 

7 ^ ^/ur 7 = >k j: 5 ^ ^ - fv< y * sa^«^o^^ 
[0 0 6 3] (s) tr- ^yo^iicM- 



(2) ISimiC, ^#^-1 1-1 4 0>£7ftDNAtr 

7^>i»aiC«*LfcCM-PD*5J:t53 3 0#@tf> 
-ty ^a»J6t»*s^^Lfc CM- PDS: K-T ^alfBs 

^mpPHAD, pPHATeirat^Lt 
£?'J#-J§- 1 1 CCGTCTGGAA GACCGC 
CCGA T 

12 ATCGGGCGGT CTTCCA 
GACG G 

ga^J#^* 1 3 CCGTCTGGAA TGACGCCCGA T 
S^J#-^ 1 4 ATCGGGCGTC ATTCCAGACG G 

[0 0 6 4] JEfC % ^^7^^ K£rW3 1 1 0 ( t y 

t A ) *JCift*(D«K«E*ft«rfflV^X»AUfco ft*5, 
W3 110 ( t y r A ) /p PHAD, W3110 (_t_ 
y r A ) /pPHATerml^tl«Ill«$ 
*UT:fc9, ^te#^^ix^nFERM BP-365 

2 £ F ERM BP-3 6 5 3 

[0 0 6 5] (6) PD»*»ttroJ»JS 
xi/xyt7 - 3DK-12WW31 10 ( t y r A ) 
/p PHAD^, W3110 ( t y r A ) /p PHAT 

erm**<D®fc£ x Li§ft£ffl V^T 3 7 1;, 1 5 W 

"C (4) *R«KLT* PD§MW^tf>W£&frofc 0 
(4) £^#T*>9, ^SCM- PDttSmM 

[0 0 6 6] ZblZ s L-7i=^77 = ^^T 
-C«)^n5>2a©**ffl#*«>flH4ttl. 5xio 4 U 

-f $ :ti:«toTt), L-7x^/b77^xcj:67^ 
^4 o«»*$*«r tds-ctfc. 

[0 0 6 7] %ftff|3 S KRfi?0>lkft 
£i\ t7«3!)K-l 2WC1 0 6 lfcrt* 

[00 6 8] — # % ^O^ttt [J. Bacteriol. , 165, 
233 (1986)] fctBfteiVtVSa r o Lif€^<ftjfig& 
?iJ^S<5V>"C x OTl:^tJ;9^DNA7'7^-7^ 
2* 0E9HHH 5-16) L 

K^J#-^ 1 5 GCGGAGCTCG AGAAGTGGTG 
6 ACTCAGAATT CCTTCCGAGC 
1 5 t 1 6 tt^jyg fra r o L aC-7-g>±»&0 c T«<C 

£JB^T:r/uy y^hnfife [PCR Technolog 
y, Stockton press (1989)] £«oT PC RKJ&trfffe 
V\ 1. 0KbpODNA*fr*#fe, £IT. IH5tC^ 
i"«t5lC, r.<OW^»jaR»jKE coRI^ Sac IT 
SDiUft, PHSG3 9 8 (^iB5ttt«) WEcoR 
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1 ^ Sac I^»»frT4PNA9#~gfrffi^Tg» 
LTpHSG - a r o L £ 

[00 6 9) 4 tyrR , t y r A 

^Lfcx->i!Jl:T' 3!)K-12©W31 1 0ifctf>& 
J* 

oc*>n: y fcT • 3 y K- 1 2CDMC 1 0 6 l&frb^ il 

<03t«t [J. Biol. Chem., 261, 403 (1986)] lC|2iE£ 
ftT V > 6 tyr R %fc^ COSSET HS<5V >T 

&?|J#-^ 1 7 GGATTAAAGC TTTGGAGCTT 
1 8 GTGGATGAAT TCACCACCGA 
:tl^(^Mtl t y r R& fi^O^jftfttTFffitelgtf 
:<OWDNAtDNA^7>f 
S^V^T^^y y^hft-fifc [PCR Technology, St 
ockton press (1989)] l:^ot P C RRj6SrfTftV\ 
1. 9Kbp©DNA*mfc. r<OK«-S:lW»»* 
Ec o R I £ H j n d 1 I 1 TjjQ&r LTc^L p T S 1 <D 
Ec o R 1 j: Hin d I I I (D®mVob T 4 DNA V Jf 
-1**: JfH>T»tt IpTS - t y rR fr#fc„ 
[ 0 0 7 0 1 &iC p T S - t y r R ^JPSIg^ B g I I 
I -CffJBrl t y r R %fcW3g>#)3 0 0 b p0>Wfr£X 
^»)co»f>t§rDNAy^Vx^^^^ h (£ 

-A t yrR ^jjjtfc. ilLfcpTS-A t y r R 

fc^v-^y tr • 3!/K-i 2^W3 i i ot* (g£ia 

eWSSSff J: 9 A^) IC^ALT, fB ^ftM&xSr&C U 
T%ffefr±<PiE3rfr t y r R jjfc^, jALtA t y 

XVmffiV. t y r R igfc^ asfrjfc I7c^v:r !)bT' 

2(^W3 1 1 OfcSrigEfcLfco 
100 7 1] W:, feELfc t y r Ri tfe^^5>cUfc 
^>c* y tT • 3 y K- 1 2W3 l 1 0#£r* h 

i!)t7«3!JK-l 2 0ME8 4 24^ (H f rPO 
4 5 N th i , re 1 Al , t y r A : :Tnl0,u^ 
ng-K n a d B ) (BftateflWCBrJ: 9 A*> tf># 

*««r«^L, 3 7t:T'i 5#mtiiWLxm&fcm&ft 

MyrR > t y r A jjfe-^cD^ bfc^v^ y t T • 
^ y K- 1 2£>W3 1 1 Oflc&EtffLfc. 
[0 0 7 2] £ffift)5 L~y x^7 7 ^>« 



-PD> ^LtSK$:Mt6 tyrR , t y r A jfe 
^CO^Lfc^v-^y t7 • ^ y K- 1 2CDW3 1 1 0 

DSiZBTZ^-rZ p T S -a r oG4 fe»JB»gBE 
c o R I ^ Hin d I I I - Ca r o G 4 gg#&9) 9 ffl 
U :«?:pBR3 2 2<D E co R I , Hin d I 
I I tyWrnm^ALXy? X * HpBR- a r oG4 

W2~?&bMzy4- Y'< y 9 W&ftfm £ ftfc C M - 
PDit^Sr^-f^p PHAB&, Wl Bam H 
1 ^ Hin d 1 1 H?^LCM-PDie^77 
Vh£$J*)fcbU :«^pBR-a_r_oG4^) 
Bam HI, Hind i I I»«I^ALt7'7^ 
;KpBGAl$:iiU: 0 £ frtC p B G A 1 £ E c o 
R 1 £ Bam H 1 T^klX aroG4 - phe A jgrfr 

Ec o R I> BamH I WW^ALT^X^ K 
pMGAl^SU, 

[0 0 7 3] ^l^pHSG- aroL ^ Eco RU 
Sac lt aro LW fr«f99tfiU :«^pMG 
Alg )Eco RK S 1 cIfMi:|fAir7 p 7^ 
^ KpMGAL 1 SrflMBLfc. 

[007 4) fclC pMG A 1 Ifcl^pMGA L l£t y 
r R , t y r A &B*<DX$cL1t*i' * V tT • 3 y K 

-l 2<ow3 1 1 omczti^timAL, Bm&&&:v/ 

3 110 ( tyrR , t y r A ) /pMGA l&iU^ 
MEAfKW3 1 1 0 ( t y rR , t y r A ) / pMGA 
L 1 SrjSjftLfc. ttMfiftUlili^ii^nA J 1 2 7 4 
0#U A J 1 2 7 4 lfc£*M&U ttlfflfcfcK (FE 
RM P-12999, FERM P-13000) L 

[0 0 7 5] (2) L-7x^77^yi» 
M*^3»UfcJBME!M*A J 1 26 04^L-7x- 

/uT5~*&mmntm 2 0 g , y 

2-fhy!7A29. 4g, y V&2*3t;*? »J ^2. 6 g , 

thy^lOg, ?rV9 % >!&Th y !7A0. 4g, 

3g, t^7;yMi2mg, fnvy7 5rag^ 
1 Li^tf) &#^T. 3 7t:T?2 4*S!ffl**Lfc. * 

[0 0 7 6) 
1^2] 
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m » 



3 8 fi 

( g/L) 



A J 1 2 7 4 0 



4.0 5 



A J 1 2 7 4 1 



3 1 



[0 0 7 7] 

mm^ : i 

mW&Z : 20 

«?y^ : mm 

CCTAACCAGT AAAGCCAACA 20 
K?»J$# : 2 
SB?lj09££ :20 

le^si : mm 

CCCACTTCAG CAACCAGTTC 
B»t : 3 



20 



20 



EM 

ATG AGC GAC 
Met Ser Asp 
1 

TTC ACC GAA 
Phe Thr Glu 

GAC GGT GAG 
Asp Gly Glu 
35 



mm 

GTATTTACCC CGTTATTGTC 20 
EJ»* : 4 
&m<D&£ : 20 

mmm : mm 

EMOlffiB : mom* o*J$cDNA 

ACTCCGCCGG AAGTGACTAA 20 

: 5 

&m<D&£ :948 
: MS* 

m<v& : -*« 

&P\(Dfflm : genomic DNA 



revi bacter iuml actof ennen turn) 
: AJ12125(FERM P-7546) 



GCA CCA ATT GTT GTG GCC TAT TTG GGG CCT GCC GGA ACC 48 

Ala Pro He Val Val Ala Tyr Leu Gly Pro Ala Gly Thr 

5 10 15 

GAA GCC CTC TAC AAA TTT GCC GAC GCC GGC GTA TTC GGC 96 

Glu Ala Leu Tyr Lys Phe Ala Asp Ala Gly Val Phe Gly 

20 25 30 

ATC GAG CAG CTA CCA GCC AAA TCG CCA CAA GAA GOT GTC 144 

lie Glu Gin Leu Pro Ala Lys Ser Pro Gin Glu Ala Val 
40 45 
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GAC GCG GTC CGC CAC GGC ACC GCC CAG TTC GCG GTG GTC GCC ATC GAA 192 
Asp Ala Val Arg His Gly Thr Ala Gin Phe Ala Val Va! Ala lie Glu 

50 55 60 

AAC TTC GTC GAC GGC CCC GTC ACC CCC ACC TTC GAC GCC CTT GAC CAG 240 
Asn Phe Val Asp Gly Pro Val Thr Pro Thr Phe Asp Ala Leu Asp Gin 
65 70 75 80 

GGC TCC AAC GTG CAA ATC ATC GCC GAA GAA GAA CTC GAT ATT GCC TTT 288 
Gly Ser Asn Val Gin lie lie Ala Glu Glu Glu Leu Asp He Ala Phe 

85 90 95 

TCC ATC ATG GTC CGG CCA GGG ACT TCG CTT GCC GAC GTC AAA ACC CTC 336 
Ser lie Met Val Arg Pro Gly Thr Ser Leu Ala Asp Val Lys Thr Leu 

100 105 110 

GCC ACC CAC CCG GTT GGG TAC CAA CAA GTG AAA AAC TGG ATG GCA ACC 384 
Ala Thr His Pro Val Gly Tyr Gin Gin Val Lys Asn Trp Met Ala Thr 

115 120 125 

ACC ATT CCG GAC GCC ATG TAT CTT TCA GCA AGC TCC AAC GGC GCC GGC 432 
Thr He Pro Asp Ala Met Tyr Leu Ser Ala Ser Ser Asn Gly Ala Gly 

130 135 140 

GCA CAA ATG GTT GCC GAA GGA ACC GCC GAC GCA GCC GCA GCG CCC TCC 480 
Ala Gin Met Val Ala Glu Gly Thr Ala Asp Ala Ala Ala Ala Pro Ser 
145 150 155 160 

CGC GCA GCC GAA CTC TTC GGA CTG GAA CGC CTT GTT GAT GAT GTC GCC 528 
Arg Ala Ala Glu Leu Phe Gly Leu Glu Arg Leu Val Asp Asp Val Ala 

165 170 175 

GAC GTC CGC GGC GCC CGC ACC CGC TTC GTT GCA GTC CAA GCC CAA GCA 576 
Asp Val Arg Gly Ala Arg Thr Arg Phe Val Ala Val Gin Ala Gin Ala 

180 185 190 

GCC GTT TCC GAA CCG ACC GGC CAC GAC CGC ACC TCC GTC ATT TTC TCC 624 
Ala Val Ser Glu Pro Thr Gly His Asp Arg Thr Ser Val He Phe Ser 

195 200 205 

CTA CCG AAT GTG CCA GGC AGC CTC GTG CGC GCC CTC AAC GAA TTC GCC 672 
Leu Pro Asn Val Pro Gly Ser Leu Val Arg Ala Leu Asn Glu Phe Ala 

210 215 220 

ATC CGT GGC GTC GAC CTC ACC CGC ATC GAA TCC CGC CCC ACC CGC AAA 720 
He Arg Gly Val Asp Leu Thr Arg lie Glu Ser Arg Pro Thr Arg Lys 
225 230 235 240 

GTC TTC GGA ACC TAC CGC TTC CAC CTG GAC ATA TCC GGA CAT ATC CGC 768 
Val Phe Gly Thr Tyr Arg Phe His Leu Asp He Ser Gly His lie Arg 

245 250 255 

GAC ATC CCC GTC GCC GAA GCC CTC CGC GCA CTC CAC CTC CAA GCC GAA 816 
Asp He Pro Val Ala Glu Ala Leu Arg Ala Leu His Leu Gin Ala Glu 

260 265 270 

GAA CTC GTA TTC GTC GGT TCC TGG CCC TCC AAC CGT GCA GAA GAC AGC 864 
Glu Leu Val Phe Val Gly Ser Trp Pro Ser Asn Arg Ala Glu Asp Ser 

275 280 285 

ACG CCC CAA ACC GAC CAA CTA GCT AAC GTA CAC AAG GCG GAC GAA TGG 912 
Thr Pro Gin Thr Asp Gin Leu Ala Asn Val His Lys Ala Asp Glu Trp 

290 295 300 

GTT CGC GCA GCA AGC GAA GGA AGG AAA CTT AAC TAG 948 
Val Arg Ala Ala Ser Glu Gly Arg Lys Leu Asn 
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305 310 315 

mm?r : 6 &m<Dmm : genomic DMA 

E^JOfi* : 948 jgfl& 

$&<D$fc : revibacteriurolactofermentum) 
h^D v?- : &mtk ft£ : AJ12259(FERM P-3565) 

E^iJ 

ATG AGC CAC GCA CCA ATT GTT GTG GCC TAT TTG GGG CCT GCC GGA ACC 48 
Met Ser Asp Ala Pro lie Val Val Ala Tyr Leu Gly Pro Ala Gly Thr 

15 10 15 

TTC ACC GAA GAA GCC CTC TAC AAA TTT GCC GAC GCC GGC GTA TTC GGC 96 
Phe Thr Glu Glu Ala Leu Tyr Lys Phe Ala Asp Ala Gly Val Phe Gly 

20 25 30 

GAC GGT GAG ATC GAG CAG CTA CCA GCC AAA TCG CCA CAA GAA OCT GTC 144 
Asp Gly Glu lie Glu Gin Leu Pro Ala Lys Ser Pro Gin Glu Ala Val 

35 40 45 

GAC GCG GTC CGC CAC GGC ACC GCC CAG TTC GCG GTG GTC GCC ATC GAA 192 
Asp Ala Val Arg His Gly Thr Ala Gin Phe Ala Val Val Ala He Glu 

50 55 60 

AAC TTC GTC GAC GGC CCC GTC ACC CCC ACC TTC GAC GCC CTT GAC CAG 240 
Asn Phe Val Asp Gly Pro Val Thr Pro Thr Phe Asp Ala Leu Asp Gin 
65 70 75 80 

GGC TCC AAC GTG CAA ATC ATC GCC GAA GAA GAA CTC GAT ATT GCC TTT 288 
Gly Ser Asn Val Gin He He Ala Glu Glu Glu Leu Asp He Ala Phe 

85 90 95 

TCC ATC ATG GTC CGG CCA GGG ACT TCG CTT GCC GAC GTC AAA ACC CTC 336 
Ser He Met Val Arg Pro Gly Thr Ser Leu Ala Asp Val Lys Thr Leu 

100 105 110 

GCC ACC CAC CCC GTT GGG TAC CAA CAA GTG AAA AAC TGG ATG GCA ACC 384 
Ala Thr His Pro Val Gly Tyr Gin Gin Val Lys Asn Trp Met Ala Thr 

115 120 125 

ACC ATT CCG GAC GCC ATG TAT CTT TCA GCA AGC TCC AAC GGC GCC GGC 432 
Thr He Pro Asp Ala Met Tyr Leu Ser Ala Ser Ser Asn Gly Ala Gly 

130 135 140 

GCA CAA ATG GTT GCC GAA GGA ACC GCC GAC GCA GCC GCA GCG CCC TCC 480 
Ala Gin Met Val Ala Glu Gly Thr Ala Asp Ala Ala Ala Ala Pro Ser 
145 150 155 160 

CGC GCA GCC GAA CTC TTC GGA CTG GAA CGC CTT GTT GAT GAT GTC GCC 528 
Arg Ala Ala Glu Leu Phe Gly Leu Glu Arg Leu Val Asp Asp Val Ala 

165 170 175 

GAC GTC CGC GGC GCC CGC ACC CGC TTC GTT GCA GTC CAA GCC CAA GCA 576 
Asp Val Arg Gly Ala Arg Thr Arg Phe Val Ala Val Gin Ala Gin Ala 

180 185 190 

GCC GTT TCC GAA CCG ACC GGC CAC GAC CGC ACC TCC GTC ATT TTC TCC 624 
Ala Val Ser Glu Pro Thr Gly His Asp Arg Thr Ser Val lie Phe Ser 

195 200 205 

CTA CCG AAT GTG CCA GGC AGC CTC GTG CGC GCC CTC AAC GAA TTC GCC 672 
Leu Pro Asn Val Pro Gly Ser Leu Val Arg Ala Leu Asn Glu Phe Ala 

210 215 220 

ATC CGT GGC GTC GAC CTC ACC CGC ATC GAA CCC CGC CCC ACC CGC AAA 720 
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He Arg Gly Val Asp 

225 

GTC TTC GGA 
Val Phe Gly 



GAC ATC CCC 
Asp lie Pro 

GAA CTC GTA 
Glu Leu Val 
275 

ACG CCC CAA 
Thr Pro Gin 

290 
GTT CGC GCA 
Val Arg Ala 
305 



ACC TAC 
Thr Tyr 
245 
GTC GCC 
Val Ala 
260 

TTC GTC 
Phe Val 

ACC GAC 
Thr Asp 

GCA AGC 
Ala Ser 



Leu Thr Arg lie 
230 

CGC TTC 
Arg Phe 



CAC CTG 
His Leu 



GAA GCC 
Glu Ala 

GGT TCC 
Gly Ser 

CAA CTA 
Gin Leu 
295 
GAA GGA 
Glu Gly 
310 



CTC CGC 
Leu Arg 
265 
TGG CCC 
Trp Pro 
280 

GCT AAC 
Ala Asn 

AGG AAA 
Arg Lys 



mm<o&% : 20 
mmtom mm 



mm 

TCAACAAGCT GGAACGGACG 20 
E*J*# : 8 
mW&Z : 20 

mwm : mm 
m<n# : -*« 

CGCCGATTTA CCGCCTTGAG 20 

mm^- : 9 

: 21 

&m<om : mm 
m<n& : -*« 

CCGTCTGGAA CCACGCCCGA T 21 
KM*? : 10 
IB?|J£>:££ : 21 

mmnm : nm 

m\\<owm >. mn&m ^dna 

ATCGGGCGTG ATTCCAGACG G 21 

mm*? : 11 



Glu Pro Arg Pro Thr Arg Lys 
235 240 
GAC ATA TCC GGA CAT ATC CGC 768 
Asp He Ser Gly His lie Arg 
250 255 
GCA CTC CAC CTC CAA GCC GAA 816 
Ala Leu His Leu Gin Ala Glu 
270 

TCC AAC CGT GCA GAA GAC AGC 864 
Ser Asn Arg Ala Glu Asp Ser 
285 

GTA CAC AAG GCG GAC GAA TGG 912 
Val His Lys Ala Asp Glu Trp 
300 

CTT AAC TAG 948 
Leu Asn 
315 

gE^JcO^^ : 21 

mwm : mm 
mm 

CCGTCTGGAA GACCGCCCGA 
2 1 

mm^ : 1 2 

&.n<n&£ : 21 

mm<om : mm 

ATCGGGCGGT CTTCCAGACG G 21 
ea^J#^- : 13 
Sa»JO«* : 21 

gd^ijco^ : mm 

«OS : -*« 

GHttfiah «L*>tfcfit £*&DNA 

CCGTCTGGAA TGACGCCCGA T 21 
S^J#^ : 14 
Sfi^JcD^ : 21 

mmnm : mm 
m<o& : -*« 

ATCGGGCGTC ATTCCAGACG G 21 
E^J## : 15 
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&M<D&£ : 20 

m<o# : -#« 
em 

GCGGACCTCG AGAAGTGGTG 20 
E?0## : 16 

mm<D&z : 20 

ehomi : tow ^dna 

ACTCAGAATT CCTTCCGAGC 20 
EF9#3r : 17 
BJiJtf>££ : 20 

mm%L : mm 

h#n^- : KM* 
E#l<&«® : teO&gfe ^J&DNA 



aJlJtDNA 



TCACCACCGA 



GGATTAAAGC TTTGGAGCTT 20 

mm* : is 

R?|J<D&£ : 20 
K?i|o§y ; 

h*o>>- : am* 

GTGGATGAAT 
20 

[BSoflVftRH] 

[01] pTS- a r oF , pTS- a r oG <Oi$ 
[02] ggftgatWEMi a r o F tPDSflH&Cjott 
2u L-^ni/>icj:5ia»*«r^M,o-e*>«5. 
[03] ^ftaftUqgJtH a r oG ODS^fetCjott 

[04] »*SfeJ:t/S6Jia!©=ii;^5yi»A^--tf- 

[05] pMGAlMpMGALlOU 



[01] 



[02] 



PCRftft fonoF) 



rpHS6396 to 
SogH-SmoI 




pTS- orpFlS 
pTS- qroF53 




1 2 3 

L-*P>>ig£(mM) 
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m3] 



l®4] 




0 2 4 6 8 10 




Hindi 

J.£ggRH-8amHJ *<t 
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( 



(si) int. ci. ** ^uie-s- /mm** fi msBt^mm 

C 1 2 P 13/22 C 8931 -4 B 

//(C12N 1/21 

C12R 1:19) 

(C 1 2 P 13/22 

C 1 2R 1:19) 

<72)BW# M & 

#3SjmRjn»mjn»K»*»r i - 1 
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